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PREFACE

The study described in this report was conducted by the Oregon
Cooperative Fishery Research Unit (OCFRU) at Oregon State University
(osu), Corvallis, Oregon, for the U, S, Army Engineer Waterways Experi-
ment Station (WES) under Intra-Army Order No. WESRF-82-106. This study
is part of the Environmental and Water Quality Operational Studies
(EWQ0S), sponsored by the Office, Chief of Engineers (OCE), and
assigned to WES under the management of the Environmental Laboratory.
The CCE Technical Monitors for EWQOS were Dxr, John Bushman, Mr. Earl
Eiker, and Mr. James L. Gottesman.

This report presents the results of a study designed to determine
the impact of stone revetments on the distribution and abundance of
fishes and benthic invertebrates of the lower Willamette River between
river miles 58 and 66. The study periods were in June and August of
1982,

The report was prepared by Mr. Randy C. Hjort, Mr. Patrick L.
Hulett, Mr. Larry D, LaBolle, and Dr. Hiram W. Li of OCFRU. Mr. Dave
Nelson (WES) administered the study, and Dr. C. H. Pennington (WES)
developed the sampling scheme. Mr, Dale McCullough (0SU) designed the
sampling gear for the benthic invertebrates and helped collect field
samples. Dr, Charles Hawkins (0SU) and Mr. Randy Wildman (OCFRU) iden-
tified the benthic invertebrates., Dr. Peter Klingeman and Mr. Jeffrey
Pike of the Water Resources Research Institute (050) analyzed the
sediment samples, Program Manager of EWQOS was Dr. J. L. Mahloch (WES).

Special appreciation is expressed to Ms, Adrian Hunter who typed
the manuscript, Miss LaVon Mauer who prepared the tables, and Dr. Stan
Gregory who helped analyze the distribution of benthic invertebrates.

Commander and Director of WES during the study and preparation of
this report was COL Tilford C. Creel, CE. The Technical Director was
Mr. F. R. Brown.



This report should be cited as follows:

Hjort, R. C., et al, 1984, "Fish and Invertebrates of Revet-
ments and Other Habitats in the Willamette River, Oregon,"
Technical Report E-84-9, prepared by Oregon State University
for the US Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi.
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FISH AND INVERTEBRATES OF REVETMENTS AND OTHER HABITATS
IN THE WILLAMETTE RIVER, OREGON

PART I: INTRODUCTION

l. Stone revetments have been used extensively on the Willamette River
to stabilize the streambanks and channels. The revetments are placed at
eroding banks to prevent channel changes and the loss of land, thus
protecting farmland, buildings, roads, and utilities, The first revetment on
the Willamette River was installed in 1888, and since that time a variety of
bank stabilization techniques have been tried (Thornber 1965; Thornber and
Bubenik, undated)., The Army Corps of Engineers has been responsible for the
construction and the evaluation of the revetments on the Willamette River
(U. S. Army Corps of Engineers 1975) and has sponsored studies to evaluate
alternatives and supplements to riprap revetments (Klingeman and Bradley
1976; Bierly and Assoc. 1980). '

2. Extensive bibliographies have been compiled for streamﬁank
protection techniques (Keown et al, 1977) and their effects (Stern and Stern
1980). Information on riprap~type revetments and their biological impact is
more limited, and the conclusions vary among stream systems. The physical
effects of revelments on streams range ffom little apparent impact (Bulkley
et al. 1976) to actually changing the stream morphology and reducing habitat
diversity for aquatic organisms (Johnson et al. 1974; Funk and Robinson
1974), Other effects include reduction of the riparian vegetation, which
affects both terrestrial and aquatic organisms (U. S. Fish and Wildlife
Serviée 1976) and possible degradation of the streambed (Klingeman 1973).
Revetments are believed to benefit invertebrates by stabilizing bank habitat
so that invertebrates can become established (Johnson et al. 1974; Soiomon
et al. 1975; Menzel and Fierstine 1976); however, in some cases, revetted
sections of stream have lower fish production or standing crops than
nonrevetted sections (Bianchi and Marcoux 1975; Peters and Alvord 1963).

3., The Willamette River has experienced a dramatic change during the
past 20 years. An extensive cleanup program (Gleeson 1972; Starbird 1972;
Council on Environmental Quality 1973), an upstream reservoir system ,
(Shearman 1976), and a proposed Willamette River Greenway System have changed

the purpose of the river from a conveyer of industrial and municipal sewage



(Gleeson and Merryfield 1936; Westgarth and Northcraft 1964; Britton 1965)
to a recreational and envirconmental asset (Willamette Basin Task Force 1969;
Hansen 1977; Deval 1977).

4. The number and size of the Willamette River revetments impact the
physical and biological characteristics of the streambanks. Physical fmpacts
include changes in shoreline substrate type, shoreline gradient, and water
velocity. These physical changes may affect the distribution and abundance
of fishes and benthic invertebrates in the Willamette River,

5. This study was designed to address- the following objectives

regarding the physical and biological impacts of revetments.

2. To determine whether there are differences in the distribution
and abundance of fishes and benthic invertebrates between
revetted and nonrevetted banks on the Willamette River below
Salem, Oregon.

b. To quantitatively describe certain physical characteristics of

revetted and nonrevetted banks of the river.

¢. To correlate changes in invertebrate and fish densities with
differences in physical habitat.

8. To compare the composition of different functional groups of
fishes and invertebrates in different envirommental settings.



PART II: METHODS AND MATERIALS

Sampling Periods and Locations

6. This study was conducted on the Willamette River at two different
flow levels: during 8-18 June when the flows were at moderate levels
(283-425 m3/sec) and during 16-25 August when the flows were lower
(221-238 m3/sec).

7. Seven locations between river miles 58 and 66 of the Willamette
River, Oregon were sampled (Figure 1). These locations were distributed
among four habitat types: two revetted banks—-—banks on the outside bends
of the main river channel stabilized by stone (riprap) revetments
(Figures 2,3); two natural banks—-nonrevetted banks of the main channel
(Figure'S)——one actively eroding, one apparently stable (Figure 4); two
secondary channels~-shallow, narrow channels that run parallel to the main
river channel (Figures 4,5); and one abandoned channel--an old channel,
still connected to the main river channel but carrying no flow during the
study period (Figure 6). In each location four stations were marked along
the shoreline at 152-m intervals. These stations were used to determine
sites for fish sampling, substrate sampling, and measurement of chemical

and physical water parameters.

Sampling Techniques

Fish

8. A boat electroshocker and hoopnets were used to sample the fish from
each location. The electroshocking boat pulsed direct current at
120 cycles/second, through boom-mounted ancdes with the boat hull serving as
the cathode. Traveling downstream, samples were taken close to shore along
three 152-m transects between the four stations at each of the seven
locations., Thus, 21 transects were sampled for each of the two sampling
periods. Data obtained for each transect were recorded separately. The
amperage, voltage, and pulse width were standardized on a test runm and the
same settings were used for all locations where conductivities were similar,
The voltage was decreased in areas of high conductivity and increased in

areas of low conductivity to maximize the amperage.
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Figure 6. Map illustrating the Lambert Slough
abandoned channel sampling location. (Letters
A-D indicate the sampling stations)
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9, .The hoopnets, constructed of 2.5-cm—square mesh, were 4.6-m long
with seven 0.9-m hoops and two throats, located at hoops 2 and 4. The nets
were set, unbaited, facing downstream at each of the four stations imn each
location for two consecutive 2Z4-hour periocds. Thus, 56 hoopnet sets were
sampled in each of the two sampling perilods.

10. For each shocking transect and hoopnet set, each fish was
identified to species using keys prepared by Bond (1973) or Wydoski and
Whitney (1979). Total lengths (millimetres) and weights (grams) were
recorded. Specimens which were difficult to identify were preserved for

later identification.

Benthic Invertebrates

1l. The benthic invertebrates were sampled at each revetted station
midway between the waterlime and the toe of the revetment, and at a similar
position in the natural habitats. One of two methods was employed to collect
the samples, depending on the substrate size and water velocity at each
station., A glove-box 'sampler (Figure 7) was placed on the bottom, and the
substrate was scooped into an attached collection bag at all nonrevetted
sites with moderate or high water velocity. At stations with low water
velocity, the smaller substrate was pumped to the surface by a
venturi~type dredge and sieved through a 0.3-mm mesh. At the revetted
stations, the surface and crevices of the substrate were vacuumed and the
smaller riprap material to be cleaned of organisme at the surface was
removed. Two replicates were collected to a depth of 27 cm at each station
and combined into one sample. The total area of the two replicates equaled a
0.5— x 0.5~m quadrate., The samples were preserved in 10% formalin, and the
date, time, depth, water velocity, location, and station were recorded.

12. Before sorting, the samples were sieved through 0.5-mm mesh,
transferred to 70% ethanol, stained with Rose Bengal solution, and subsampled
using settling tubes as described by Mundie (197l). One of two subsamplers
was used, depending on the volume of the samples. For large samples, a
19-1 bucket (277-mm diameter) was used with 200 test tubes, each with a mouth
area of 1/365 of the bucket's total cross—-sectional area. ¥For small samples,
a 120-mm—diam container, with 24 test tubes each with a mouth area of
1/50 of the cross—-sectional area of the container, was used. The organisms
were sorted using variable-power dissecting scopes (8-40x). Identification

was to the generic level.
12



lf — 37cm a]

Figure 7. Design of glove-box sampler for collection of benthic in-
vertebrates in flowing water. Frame is of heavy-gage steel bars and
and angle iron. Plexiglass panels cover top and side surfaces.
Bottom, front, and rear are open. A bag attaches over the rear open-
ing (15 x 36 cm}, collecting benthos carried by current that enters
through the front opening (12 x 32 cm). Reaching through arm ports
(10-cm-diam) in side panels, operator scoops substrate into collection
bag from area defined by bottom opening (12 cm wide in front, 37 cm
long and 15 cm wide in rear = 1/8 mz), digging to desired sample depth

13



Physical and Chemical

13, The stations at which samples for identifying sediment type were
taken corresponded with those of the benthic invertebrate samples. Sediment
samples were collected only during the first sampling period. The samples
were analyzed for grain size according to Engineer Manual 1100-2-1906
(Department of the Army 1970).

14, The physical and chemical water parameters were measured in each
habitat at dawn and dusk of the first and last sampling days for each
sampling period. A calibrated Hydrolab multiparameter, in situ water
analysis system (Model No. 8100} was used to measure the following:

a) temperature in °C to the nearest tenth; b) dissolved oxygen in milligrams/
liter; c¢) acidity in pH units to the nearest tenth; d) specific conductance
in micromhos/square centimetre at 25°C to the nearest micromho; and e) redox
potential in miliivolts. An Endeco current meter was calibrated and used to
determine the water velocity. Readings were recorded at 1 m below the
surface, mid-depth, and 1 m above the substrate for stations with a depth
greater than 3 m. For shallower stations, the readings were taken at shorter
depth intervals or at a single depth. The latter case applied to all
stations in August when water levels were lower.

15, Turbidity measurements were taken with a Hach laboratory
turbidimeter, and the date, time, and water depth at each set of data were
recorded. In addition, the water velocity and depth were recorded at each
station for the hoopnet and benthic invertebrate samples. To estimate the
average water velocity for each 152-m electroshocking transect, the water

velocity values at the start and finish of each transect were averaged.

Statistical Analysis

16. Analysis of covariance on the abundance and weight per unit effort
of each fish species and the abundance of benthic invertebrates was used to
determine if significant differences existed among the locations., The 5%
significance level was used in all analyses. The units of effort were 152-m
transects for the electroshocker, 24~hour soak time for the hoopnets, and

the 0,5-m-square sample for the benthic invertebrates.

14



17. Two important variates distinguishing locations were bottom type
and water velocity. Water velocity was highly variable within locations,
whereas substrate composition was relatively homogeneous, The analysis of
covariance described the influence of location (and therefore substrate
composition) and water velocity on the abundance/weight of
fishes/invertebrates.

18, Three types of tests were performed using the analysis of
covariance: a) a one~-way analysis of variance to determine whether or not
differences in abundance or weight of fishes or invertebrates significantly
varied among locations; b) a correlation analysis between abundances/weights
of fishes/invertebrates, and the covariate water velocity; and c¢) another
one-way analysis of variance, this time using the abundances/weights of
fishes/invertebrates that were adjusted for water velocity before comparisons
were made among locations,

19. To determine if there were statistically significant differences
between the sampling periods for abundance and weight, a completely
randomized block analysis of variance, at the 5% significance level, was
used. The blocks were the locations and the treatments were the sampling
periods. Each gear type was analyzed separately and the differences were
examined using Duncan's new multiple range test. The fish catch per unit
efforts were transformed to ensure normality by using Logl0 (x+1)

(Green 1979).

20« The Jaccard similarity coefficient was used to compare the
similarity of fish species composition and the similarity of the benthic
invertebrate samples among the different locations for each sanpling
period. The fish and benthic invertebrate diversities at each habitat type
and for each sampling period were compared using the Shannon diversity index:
H' = —-Ipjlogllp; where p; is the proportion of each species or taxa.
Electroshocking data were used to derive estimates of species composition and
the Shannon diversity index (H'), while data from both collecting gears were
used separately for statistical tests for differences in catch among
locations., Data from both gears were combined to determine the Jaccard
similarity index and specles richness at each location. The fish catch and
weight data from electroshocking and the hoopnets are presented in Appendix A,

and the benthic invertebrate data are presented in Appendix B.

15



PART III: RESULTS

Sediments

Revetments

21. The Stoutenberg and Weston revetments were both constructed of
irregularly shaped rocks, commonly called riprap, which were approximately
0.1 to 1.0 m in diameter, Numerous interstitial spaces were present. The
bottom sediments in these habitats were not analyzed because most of the
substrate was the large rock and there was very little sediment in the

interstitial spaces.

Natural Banks

22. The substrates were similar among different stations of the natural
bank at Five Island. The sediments were composed primarily of coarse and
fine gravel and small amounts of fine sand (Appendix C). Station C had the
lowest proportion of fine Sand.of the four stations because of its higher
water velocity. Five Island natural bank appeared to be the most stable of
the two natural bank locaticns in the'study, with little or no erosion taking
place during the study period.

23. The natural bank at Candiani Bar had a steep soil bank that erocded
extensively before and during the study period. As a result, sediment
samples consisted of fine sands and silt or clay (Appendix C). Indications
that large portions of the bank were sloughing intoc the river were observed
{localized high turbidity in the river, freshly exposed soil on the bank, and

clumps of terrestrial grasses in the water).

Secondary Channels

24, Substrate samples from seven of the eight stations in the two
secondary channels were 60-85% coarse and fine gravels, the remainder
consisting of fine sand (Appendix C). The exception to this pattern was
station D at Five Island, the substrate of which was comprised of 40% gravels
and 60% fine sands. The water depth at this station was 1 to 2 m and there

was little or no water current at the time of the study.

16



Abandoned Channel

25. The four stations in Lambert Slough were of two distinct sediment
types., Sediments of the two stations farthest from the main channel,
stations A and B, were fine sands and silt or clay (Appendix C)}, The highest
proportion of organic material was found at these two stations. Sediments of
the two stations closest to the river were dominated by coarse and fine

gravels with some fine sands.

Water {uality

Revetments, Natural Banks, and Secondary Channels

26. Measurements of water quality were similar among locations in the
main channel and secondary channels during the course of the study
(Tables 1 and 2). Major trends include an increase in temperature,
dissolved oxygen and pH from dawn to dusk, and an increase in water
temperature from the beginning of the sampling period to the end. Water
temperature and turbidity both inereased from June to August. The
parameters of water quality in June ranged as follows: temperature
(14.0-20,3° C), dissoclved oxygen (7.9-10.8 wmg/l), conductivity (69-75 imhos),
PH (6.7-7.7), oxidation-reduction potential (283-318 mv), and turbidity
(0.8-1.7 NTU). In August the values were: temperature (17.7-21.5° C),
dissolved oxygen (7.5~9.7 mg/l), conductivity (76-83 umhos), pH (6.7-7.4),
oxidation-reduction potential (220-323 mv), and turbidity (0.9-3.8 NTU).

27. Water current velocities rangéd from O to 123 cm/sec (Table 3).
The highest average velocities were recorded at the natural bank locations,
while the revetments and secondary channels were lower, Both secondary
channels had a station with no current because they were located at deep
pools. Average velocities decreased from June to August at all locations
except the natural bank at Five Island and at the Candiani secondary channel
where the velocities increased. The increase in August was due to a change
in the sampling location, as lower water levels necessitated shifting the

sampling site closer to the center of the stream.

17
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Abandoned Channel

28, Primary differences in the water quality data occurred between
Lambert Slough and the other locations, all of which were more lotic in
nature (Tables 1 and 2). Temperatures in Lambert Slough were generally
higher than in the main river, rangihg from 19.4-23.2° C in August, As
expected, temperatures increased.from dawn to .dusk from the firsc day of
sampling to the last, from June "to August, and (in June)} from the bottom to
the surface. Dissolved_oxygen increased between dawn and dusk, and from the
bottom to the surface, but readings were higher ir June than in August.
Values ranged from 15.1 mg/l to a low of 4.6 mg/l recorded on the bottom in
June, The latter value was the only indication of dissolved oxygen being a
limiting factor in any of the locations. The 15.1 mg/l value was the highest
dissolved oxygen level recorded during the study. Excluding these two
values, dissolved oxygen levels in Lambert Slough were comparable to those of
the other locations, Conductivity levels were much higher in Lambert Slough,
ranging from 95 to 132 imhos, compared to 69 to 83 mhos in the main river.
The pH, oxidation-reduction potential, and turbidity readings were similar to
those from locations associated with high flow, ranging in value from

6.4-7e4, 220-335 mv, and 1.4—2.7 NTU, respectively.
Revetments

29, Stoutenberg. A total of 10 species were collected at this location
(Figure 8), including 291 individuals weighing a total of‘24.4_kg collected
with the electroshocker (Figure 9). This was tﬁe greatest number of
individuals collected from any lacation. The most common species at
Stoutenberg revetment were: northern squawfish (63%), prickly sculpin (12%),
largescale sucker (9%), chiselmouth (6%), and redside -shiner (6%) (Table 4).

30. Significantly greater éatches using the electroshocker were
recorded at Stoutenberg revetment than at other locatiohs for the following
species: northern squawfish and chiselmouth during June; prickly sculpin in
August; and reticulate sculpin during both sampling periods (Table 5).
Stoutenberg also had the greatest catch of chiselmouth by hoopnets in August
(Table 6). '
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Table 4, Total species, total individuals, total welght {grams}, and dominant species for June and
August electroshocker catches, Willamette River, Oregon, 1982, Abbreviated forms of species
nanes are are follows: SQUAW-northern squawfish, PSCULP-prickly sculpin, LSS-largescale
sucker, CHIS-chiselmouth, RSS-redside shiner, LEOP-leopard dace, MS-mountain sucker,
PEAM-peamouth, LMB-largemouth bass, and WCRAP-white crapple.

Abandoned
Revetted Banks Natural Banks Secondary Channels Channel
Weston Five Candiani Five Candiani Lambert
Stoutenberg Bend Island Bar Bar Island Bar Bar Slough
Tetal No.
Species
June B Il 9 7 5 7
August 7 7 8 1] 4 5
Total No.
Individuals
June 150 96 120 39 22 47 54
August 141 174 90 5Q 27 41 28
Total
Weight
June 17,372 11,725 4,101 20,169 9,052 23,374 29,523
August 7,013 11,948 3,773 18,794 8,427 17,244 14,504

A of

Catch of

Dominant

Species

Rank

1 SQUAW 62.9  SQUAW 54.8 LEOP 35.2 LSS 51.7 SQUAW 44.9 LS5 53.4 LSS 61.0
2 PSCULP 11.7 PSCULP 10,9 SQUAW 24.8 SSUAW 33.7 LSS 36.0 SQUAW 21.6 LMB 20,7
3 L3S 8.9 CHIS 9.2 CHIS 11.0 RKS&S 4. B 6.8 WCRAP 4.9
4 CHIS 5.8 R3S 8.9 M5 1.6 CHIS 5.7  5Quaw 6.1
5 RS5S 5.8 LSS 8.5 LSS 7.1
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Table 9, Shannon's diversity index for catches of fish by

electroshocking seven Willamette River locations in June and

August, 1982,

June 9-11 August 23-25

Location Value Rank Value Rank
Stoutenberg Revetment 0.62 3 0.44 5
Weston Revetment 0.80 1 0.51 3
Five Island Natural Bank 0.66 2 0.69 1
Candiani Natural Bank 0.44 7 0.46 4
Five Island Secondary Channel 0.58 4 0.42 b
Candiani Secondary Channel 0.57 6 0.57 2
Lambert Slough Abandoned Channel 0.57 5 0.41 7
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Table 10. Jaccard's similarity index for electroshocker and hoopnet catches of fish from seven

Willamette River locations 1n June and Augusc, 1982.

June
Abandoned
Revetted Banks Ratural Banks Secondary Channels Channel
Weston Five Candiani Five Candiani Lambert
Locations Stoutenberg Bend Island Bar Bar Island Bar Bar Slough
Stoutenberg 0.54 0.25 0.31 0.25 0.29 0.12
Revetment
Weston Bend 0.22 0.29 0.31 Ga54 0.11
Revetment
‘Five Islaand Bar 0.27 0.13 0.25 0.17
Natural Bank
Candiani Bar 0.40 0442 0.29
Natural Bank
Five Island Bar 0,50 0.33
Secondary Channel
Candiani Bar 0,27
Secondary Channel
Average 0.29 0.33 0.22 0.33 0.32 0.38 0.21
Aygust
Stoutenbarg 0,50 Q.25 0.46 0.22 0444 0.15
Revetment
Weston Bend 0.23 Q.42 Q.20 Q.40 0.23
Revetment
Five Island Bar 0.31 0.50 Q.27 0.14
Ratural Bank
Candianl Bar .18 0.50 0.31
Natural Bank
Five Island 0.43 0.20
Secondary Channel
Candiani Bar 0.17
Secondary Channel
Average 0.34 0.33 0.28 0.36 0.29 0.37 0.20
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31. The results of the total weights for each species were slightly
different from the catch data., Significantly higher total weights for the
following species were recorded from Stoutenberg than at any other location:
northern squawfish and chiselmouth for June, and reticulate sculpin for both
sampling periods (Tables 7 and 8).

32, The diversity of fishes at Stoutenberg was Iintermediate to that of
the other locations. The diversity indices ranked third and fifth among
locations for June and August with scores of 0.62 and 0.44, respectively
{Table 9). The fishes present at Stoutenberg revetment were most similar to
the species at Weston revetment and least similar to the species caught in
Lambert Slough for both June and August (Table 10).

33. The only species that was unique to this location was a single
smallmouth bass captured in June.

34. Weston. Twelve different species were collected with the
electroshocker, including 270 individuals weighing a total of 23.7 kg
(Figures 8 and 9). The predominant species were northern squawfish (55%),
prickly sculpin (11%), chiselmouth (9%), redside shiner (9%), and largescale
sucker (8%) (Table 4).

35. Significantly greater catches using the electroshocker were recorded
ffom Weston revetment than the other locations for the following species:
rainbow trout and prickly sculpin in June; northern sqﬁawfish and redside
shiner in August; and speckled dace for both sampling periods (Table 5).
Hoopnets captured significantly greater numbers of yellow bullheads at Weston
than any other location in August (Table 6).

36. The results of the total weights for each specles were slightly
different from the catch data., Significantly higher total weights were
recorded from Weston than any other locatlon for the following species:
rainbow trout and prickly sculpin in June; redside shiner and speckled dace
in August for the electroshocker (Table 7}; and yellow bullhead in August for
the hoopnets (Table 8). _

37. The diversity of fishes at Weston revetment was the highest among
locations in June and the third highest in August, with H' values of Q.80 and
0,51, respectively {(Table 9). The species present at Weston were most
similar to the species at Stoutenberg revetment and Candiani secondary
channel in June,.and those of Stoutenberg revetment in August. They were
least similar to the species at Lambert Slough in June and Five Island

secondary channel in August (Table 10),
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38, Subadult rainbow trout and banded killifish were unique to Weston

revetment.

Natural Banks

39, Five island. The total weight of fishes captured at Five Island
natural bank was the lowest of any of the locations, The electroshocker
captured 210 fish weighing a total of 7.9 kg (Figure 9). However, more
species of fish were captured at Five Island natural bank and Candiani
natural bank (13 each) than at any other location (Figure 8). Major species
included leopard dace {35%), northern squawfish (25%), chiselmouth (11%),
mountain sucker (8%), and largescale sucker (7%) (Table 4).

40, Significantly greater catches using the electroshocker were
recorded from Five Island natural bank for the following species: torrent
sculpin, mountain sucker, and leopard dace in June; and chiselmouth in August
(Table 5). The diversity of fishes at Five Island natural bank was high
compared to the other locations (Table 9)., The indices (H') ranked second
and first among the locations for June and August, respectively. The species
assemblage at Five Island natural bank was dissimilar te those of all other
locations except Five Island secondary channel in August. The species were
least similar to those present at Five Island secondary chamnel in June and
Lambert Slough in August (Table 10)}.

41. Species that were unique to Five Island natural bank include
torrent sculpin, cutthroat trout, and a single pumpkinseed sunfish, Also,
all but one of the leopard dace and all but two of the mountain suckers were
captured at Five Island natural bank,

42. Candiani. A total of 13 species were captured at this natural
bank site (Figure 8). However, only one individual was collected for each of
these four species: largemouth bass, mountain sucker, leopard dace, and
yellow bullhead, The electroshocker catchk included 89 fish weighing a total
of 39.0 kg (Figure 9). Largescale suckers and northern squawfish were the
most abundant species at this location, comprising 527 and 34% of the catch,
respectively. Redside shiners comprised 5% of the catch (Table 4).

43, Significantly higher numbers of northern squawfish and largescale
suckers were caught by hoopnets in June at Candiani natural bank than at

any other location (Table 6), Additionally, the total weight of northern
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squawfish collected by hoopnets was significantly higher at this location
than at any other in August (Table 8).

44. The diversity of fishes at Candiani natural bank was comparatively
low, with H' values ranking seventh in June and fourth in August among the
seven locations (Table 9). The species composition of Candiani natural bank
was most similar to that of Candiani secondary channel for both Jume and
August, and least similar to that of Five Island natural bank in June and
Five Island secondary channel in August (Table 10).

45, There were no species that were unique to Candiani patural bank in

spite of the large number of species collected there.

Secondary Channels

46. Five Island, Among the seven locations, Five Island secondary
channel yielded the lowest total catch (65 fish), the second lowest total
weight (17.5 kg), and the lowest number of species (8) {(Figures 8 and 9).

The most common species were northern squawfish and largescale sucker,
comprising 45% and 367% of the catch, respectively (Table 4).

47. The species diversity of Five Island secondary channel was low
compared to other locations, with Hf values ranking fourth in June and sixth
in August (Table 9), The species composition was most similar to that of
Candiani secondary channel in June and Five Island natural bank in August
(Table 10). The lowest similarity coefficients were obtained with Five
Island natural bank in June and Candiani natural bank in August.

48. No unique species were collected at Five Island secondary channel,

49, Candiani. A relatively high number of species (12) (Figure 8) were
captured at Candiani secondary channel, while the number of individuals
caught (99) was the second lowest among locations (Appendix A). The total
catch by electroshocker included 88 fish weighing a total of 40.6 kg (Figure 9),.
The most abundant species at this location were largescale sucker (53%),
northern squawfish (22%), peamouth (7%), and chiselmouth (6%) (Table 4).

50, Two species--peamouth and largescale sucker—-were caught in
significantly higher numbers by electroshocking Candiani secondary channel

than for any other location in June and August (Table 5).
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51. The species diversity of this location varied relative to the other
locations, with H' values ranking second lowest (0.57} in June and second
highest (0.57) in August (Table 9). The species composition was most similar
to that of Weston revetment in June and Candiani natural bank in August
(Table 10), The lowest similarity values for Candiani secondary channel were
found for comparisons with Five Island natural bank in June and Lambert
Slough in August.

52. The only species that was unique to Candiani secondary channel

was a single brown bullhead captured in June in a hoopnet.

Abandoned Channel

53. Ten gspecies were collected at Lambert Slough by the two gear types
(Figure 8). Largescale sucker was the most common species (6l% of the catch),
followed by largemouth bass (21%), squawfish (6%), and white crappie (5%)
(Table 4), The highest total weight of fish caught by electroshocking at
any location was recorded from Lambert Slough: 44.0 kg for 82 fish (Figure 9).

54. Largemouth bass was collected in significantly greater numbers by
electroshocking Lambert Slough than In any other location during beth sampling
periods. The same was true of white crappie in June and carp in August
(Table 5). More bluegill were caught in hoopnets at Lambert Slough than at
any other location during August (Table 6).

55, The total weights of fish collected at Lambert Slough were
significantly higher for white crappie electroshocked in June (Table 7) and
for bluegill taken by hoopnet in August than at any other location (Table 8).

56. The diversity of fishes at Lambert Slough was relatively low,
ranking fifth in June and last in August among seven locations (Table 9). The
average of the similarity indices for Lambert Slough was lower than that of
all locations for both sampling periods (Table 10);

57. Species that were unique to Lambert Slough included warmouth,
channel catfish, and white crappie. In addition, most of the largemouth bass,

carp, and bluegill were captured at this location,
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Velocity and Sampling Period Effects

58. The abundance of four species--largescale sucker, northern
squawfish, black crappie, and chiselmouth--was significantly affected by
water velocity (Tables 5-8). Largescale sucker, chiselmouth, and northern
squawfish were collected from sites with a wide range of water velocities,
Black crappie numbers were correlated with water velocity because four of the
five black crappie taken were collected from stations that had no water
current,

59. The differences in the catches for June and August were significant
for nine species according to the results of the analysis of variance
(Tables 5-8). Of fish caught by electroshocking, the numbers of northern
squawfish and redside shiner increased from June to August while black crappie,
largemouth bass, prickly sculpin, chinook salmon, and speckled dace decreased.
Also, the number of chiselmouth captured in the hoopnets increased from June to

August, as did the combined weight of electroshocked mountain whitefish.

Species Distribution Patterns

60. Native species (Table 11) were the most abundant and widely
distributed throughout the study area. HNorthern squawfish and largescale
suckers were present in all locations during both sampling periods.
Chiselmouth were present in all locations except Lambert Slough, and peamouth
were agbsent only at Five Island natural bank and Weston revetment. Only
three native species (morthern squawfish, peamouth, and largescale sucker)
were collected in Lambert Slough. Most of the introduced species
(centrarchids, catfishes, and carp) were found primarily in Lambert S$lough,

excepting yellow bullhead and smallmouth bass.

37



Table 1l. List of fishes collected in the Willamette River (river

miles 58-66), Oregon in June and August, 1982, Asterisks

denote fishes that are not native to Oregon.

Scientific Name

Petromyzontidae

Lampetra (Entosphenus) tridentata

Catostomidae
Catostomus macrocheilus
Catostomus platyrhynchus

Cyprinodontidae
‘Fundulus Diaphanus *

Cyprinidae
Cyprinus carpio *
Ptychocheilus oregonesis

Mylocheilus caurinus
Acrochellus alutaceus
Richardsonius balteatus
Rhinichthys osculus
Rhinichthys falcatus

Salmonidae
Prosopium williamsoni
Oncorhynchus tshawytscha

Salmo gairdneri
Salmo clarki

Ictaluridae
Ictalurus punctatus *
Ictalurus natalis *
Ictalurus nebulosus¥*

Centrarchidae
Pomoxis annularis *
Pomexis nigromaculatus *
Lepomls macrochirus *
Lepomis gibbosus *
Lepomis gulosus *
Micropterus dolomieui *
Micropterus salmoides *

Cottidae
Cottus asper
Cottus rhotheus
Cottus perplexus
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Common Name

Lampreys

Pacific lamprey

Suckers

Largescale sucker
Mountain sucker

Killifishes

Banded killifish

Minnows, Carps, Daces, Chubs

Carp

Northern squawfish
Peamouth
Chiselmouth
Redside shiner
Speckled dace
Ieopard dace

Salmons, Trouts, Whitefishes

Mountaln whitefish
Chinook salmon
Rainbow trout
Cutthroat trout

Catfishes

Channel catfish
Yellow bullhead
Brown bullhead

Sunfishes, Basses

White crappie
Black crappie
Bluegill
Pumpkinseed
Warmouth
Smallmouth bass
Largemouth bass

Sculpins

Prickly sculpin
Torrent sculpin
Reticulate sculpin



Benthic Invertebrates

Revetments

6l. Stoutenberg. Stoutenberg revetment supported the greatest number of
benthic invertebrates when totals for both sampling periods were combined
(Figure 10). 1In June, this location supported the greatest number of taxa
(57) (Figure 11). The most common taxa in June were Anisogammarus (36%),
Paratanytarsus (12%), Oligochaeta (10%), and Manayunkia (10%) (Table 12).

The taxa composition in August reflected a decrease in the proportion of

Anisogammarus to 19%, concommitant with an increase in the proportion in the

other predominant taxa: Oligqchaeka (21%), Manayunkia (20%), and
Orthocladius-Cricotopus (13%) (Table 13),.

62. Many taxa were found in significantly higher densities at
Stoutenberg revetment than at any other location. Those taxa were:

Anisogammarus, Pacifastacus, Paratanytarsus, Orthocladius-Cricotopus, and

Nanocladius for both sampling periods; Nematomorpha, Paraleptophlebia,

Serratella, Tricorythodes,'Hydropsyche, Cheumatopsyche, Hydroptila,

Psychomyia, Rheocricotopus, Potthastia, and Xenochironomus in June; and

Oligochaeta, Manayunkia, Centfoptilum;’Ceraclea, Endochironomus,

Dicrotendipes, and Ferrissia in August (Table 14).

63. The following taxa were widespread (present in at least five other
locations) but were least abundant at Stoutenberg: Fluminicola during June
and Tricoptera pupae, Procladius, and Corbicula during August (Table 14).

64. Thé diversity of invertebrates at Stoutenberg revetment was
intermediate to that of the other locations, with H' values ranking second
(1.04) in June and sixth (1.01) in August (Table 15), The taxa collected at
Stoutenberg were most similar to those at Weston revetment and least similar
to those at Lambert Slough in both June and August (Table 16).

65. The taxa collected only at Stoutenberg were Zapada, Polycentropus,

Aturus, and Xenochironomus.
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Table 15, Shannon's diversity index for benthic invertebrates
collected from seven Willamette River locations in June and

August, 1982.

June August
Location Value Rank Value Rank
Stoutenberg Revetment 1.04 2 1.01 6
Weston Revetment 0.96 6 1.05 4
Five Island Natural Bank 0.97 5 1.15 1
Candiani Natural Bank 0.97 4 1.08 3
Five Island Secondary Channel 1.11 1 0.84 7
Candiani Secondary Channel 1.04 3 1.03 5
Lambert Slough Abandoned Channel 0.73 7 1.11 2
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Table 16. Jaccard's similarity index for beanthic invertebrates collected from seven Willamette River

locations in June and Auwgust, 1982,

June
Abandoned
Revetted Banks Natural Banks Secondary Chanuels Channel
Weston Five Candiani Five Candiani Lambert
locations Stoutenberg Bend Island Bar Bar Island Bar Bar Slough
Stoutenberg 0.61 .39 0.42 0.43 0.41 0.25
Revetment
Weston Bend 0.46 0.40 0.50 0.48 0.21
Revetment
Five Island Bar 0.53 0.49 0.57 0.15
Natural Bank
Candiani Bar 0.38 0.41 0.17
Hatural Bank
Five Island Bar 0.64 0.21
Secondary Channel
Candiani Bar 0.19
Secondary Channel
Average Qad2 G.44 0.43 0.39 Q.44 0.45 0.20
August
Stoutenberg 0.65 0.49 0.42 0.38 0.48 0.24
Revetment
Weston Bend 0.53 0.44% 0.45 0.49 0.27
Revetment
Five Island Bar 0.47 0.48 0.55 0.22
Natural Bank
Candiani Bar 0.43 0.46 0.18
Natural Bank
Five Island 0.51 0.27
Secondary Channel
Candiani Bar 0.32
Secondary Channel
Average 0.43 0.47 D.46 0.40 0.42 Q.47 0.25
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66. Weston. Weston revetment supported the greatest number of
invertebrates for a sampling period, with 27,128 organisms representing
51 taxa collected in June (Figures 10 and 11), In Auvgust, however, Weston
ranked fourth in number of invertebrates, with 6,288 representing 42 taxa
(Figures 10 and 11). The patterns of taxa composition were similar to that

of Stoutenberg, with Anisogammarus decreasing from 31% of the total in June

to 14%Z in August {(Tables 12 and 13). Other abundant taxa ware Manayunkia
(20%) and Oligochaeta (18%) in June (Table 12), and Manayunkia (28%),
Ceraclea (13%), Orthocladius-Cricotopus (10%), and Oligochaeta (10%) in
August (Table 13).

67. ©5ix taxa were collected in significantly higher densities at Weston

than at any other location in June: Manayunkia, Stenonema, Hemerodromia,

Rheotanytarsus, Dicrotendipes, and Chironomidae pupae (Table 14). None,

however, was at significantly higher densities at Weston than at the other
locations in August.

68. The following taxa were widespread (present in at least five
locations) but were least abundant or absent at Weston revetment:

Thienemanniella during June, and Palpomyia, Cryptochironomus, and Fluminicola

during August (Table 14).

69, The diversity of invertebrates at Weston revetment was
comparatively low, ranking sixth in June (H' = 0.96) and fourth in August
(H' = 1,05) among the seven locations (Table 15). The invertebrate taxa
composition of Weston was most like that of Stoutenberg and least like that
of Lambert Slough during both sampling periods (Table 16).

70. The only taxa found exclusively at Weston revetment were three

genera of Chironomidae: Symposiocladius, Stictochironomus, and Stenochironomus.

Natural Banks

71, Five Island. The benthic invertebrates at Five Island natural bank
were notably less abundant in June than in August, Only 4,712 individuals in
39 taxa were taken in June, while 7,949 in 43 taxa were collected in August

(Figures 10 and 11)., The most numerous taxa were Orthocladius-Cricotopus

(17%), Paratanytarsus (11%)}, Rheotanytarsus (9%), and Oligochaeta (9%) in
June (Table 12), and Fluminicola (20%), Orthocladius-Cricotopus (17%),
Rheotanytarsus (11%), and Fukiefferiella (11%) in August (Table 13).
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72, Palpomyla were significantly more abundant in June at Five Island
natural bank than at any other location, as were Cricotopus in August
(Table 14).

73, The following taxa were widespread (present in at least five
locations) but were absent or least abundant at Five Island natural bank:

Manayunkia during both sampling periods, Brillia and Chironcmus during June,

and Procladius and Sphaeriidae during August (Table 14).

74, The diversity of invertebrates at Five Island natural bank
increased from fifth highest (H' = 0.97) in June to the highest (H' = 1.15)
of any location in August (Table 15). The invertebrate taxa composition was
most similar to that of Candiani secondary channel and least similar to that
of Lambert Slough dhring both sampling periods {Table 16).

75. Three genmera-—Anystis, Dicosmoecus, and Placobdella--were found

cnly at Five Island natural bank.

76. Candiani. Candiani natural bank supported the lowest densities of
invertebrates (1,547 in June, 2,538 in August) and the fewest taxa (30 in
June) of any location (Figures 10 and 11). The most abundant taxa in June

were Oligochaeta (22%), Orthocladius—Cricotopus (20%), Paratanytarsus (19%),

and Rheotanytarsus (14%) (Table 12), while Nematomorpha (21%),

Orthocladius-Cricotopus (20%), Polypedilum (15%), and Stenonema (9%) were

most numercus in August (Table 13}.
77. Numerous widespread taxa were either absent or least abundant at
this location, These were: Qligochaeta, Tanytarsus, and Chironomus during

both sampling periods; Branchiobdellida, Heptagenia, Hydropsyche,

Cheumatopsyche, Eukiefferiella, Endochironomus, Dicrotendipes, Brillia,

Polypedilum, and Fluminicola during June; and Synorthocladius and Tricoptera

pupae during August (Table 14).

78. The diversity of invertebrates at Candiani natural bank was
intermediate with respect to the other locations, ranking fourth (H' = 0.,97)
in June and third (' = 1.08) in August (Table 15). The taxa collected at
Candiani natural bank were most similar to those at Five Island natural bank,
and were least similar to those of Lambert Slough in both June and August
{Table 16).

79. Taxa that were found only at Candiani natural bank are Claassenia,

Brachycentrus, and Pentaneura.
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Secondary Channels

80. Five Island. Five Island secondary channel supported the second
lowest densities of invertebrates in June (4,075) and in August (4,916), as
well as the fewest taxa (35) for August (Figures 10 and 11), The taxa of
greatest abundance in June were Oligochaeta (32%), Chironomus (15%),

Endochironomus (10%), Juga (8%), and Fluminicola (6%) (Table 12), The

proportions were very different in August, however, with Fluminicola (42%),
Sphaeriidae (18%), Juga (17%), and Oligochaeta (9%) being the predominant
taxa (Table 13).

8l. Four taxa were found in significantly higher densitiles at Five
Island secondary channel than at any other location: Corbicula during both
sampling periods, Protoptila and Ferrissia in June, and Paralauterborniella in

August (Table 14),

82. The following widespread (present in at least five locations) taxa
were least abundant or absent at Five Island secondary channel: Chironomidae

pupae during both sampling periods; Lebertia, Endochironomus, and

Dicrotendipes in June; and Anisogammarus in August (Table 14),

83. The diversity of invertebrates at this location decreased from the
highest (H' = 1.11) of any location in June to the lowest (' = 0.85) in
August (Table 15). The invertebrate taxa found at Five Island secondary
channel were most similar to those at Candiani secondary channel and least
similar to those at Lambert Slough during both sampling periods (Table 16).

84. The only taxa found exclusively at Five Island secondary channel

were Paralauterborniella and Kiefferulus.

85. Candianli. The density of benthic invertebrates at Candiani
secondary channel was moderately low relative to the other locations, ranking
fourth (8,227) in June and fifth (5,971) in August (Figure 11). However, the
number of taxa collected ranked high: first (47) for the August sampling
period and second (46.5) for the average of the two periods combined. The
taxa comprising the majority of the samples in June were Endochironomus
{30%), Oligochaeta (21%), Chironomus (9%), Juga (9Z), and Fluminicola (7%)
(Table 12). Fluminicola was the most abundant taxa in August (33%), followed
by Juga (25%), Sphaeriidae (23%), and Oligochaeta (5%) (Table 13).
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86. Glossosoma was collected in significantly higher densities at
Candiani secondary channel than at any other location during both sampling

periods (Table 14), Similarly, Juga and Fluminicola were more numerous

during June, and Dina, Ephemerella, and Hydropsyche were more abundant during

August at this location than at any other,

87. Stenonema was absent from Candiani secondary channel in June. It
was the only widespread (present in at least five locations) taxon present
during either sampling period that was least abundant at this lecation
{Table 14),

88. The diversity of invertebrates at Candiani secondary channel was
similar in the two sampling periods, with H' values of 1.04 and 1.03, ranking
third and fifcth in June and August, respectively (Table 15). The
invertebrate composition at this location was most like that of Five Island
secondary channel in June and Five Island natural bank in August, and least
like that of Lambert Slough for both sampling periods (Table 16).

89, Three taxa, Epeorus, Robackia, and Hydrobaenus, were collected only

at Candiani secondary channel, and each was found there only during June.

Abandoned Channel

90. Lambert Slough supported the highest densities of iInvertebrates of
all locations except the revetments. In June, 9,959 invertebrates
representing 39 taxa were collected; 9,870 individuals representing 47 taxa
were collected in August (Figures 10 and 11). Oligochaeta and Procladius
were the most abundant taxa at Lambert Slough during both sampling periods
(Tables 12 and 13}). There was, however, a change in the relative importance
of the two as Oligochaeta dropped from 607 of the invertebrates in Jumne to
just 22% in August, while Procladius increased from 127 in Junme to 26% in
August.

91, Several taxa were significantly more abundant at Lambert Slough
than at any other location, including: DBubiraphia larvae and Cladopelma

during both sampling periods; Bezzia—-Probezzia and Procladius in June; and

Nematoda, Caenis, Sialis, Chironmomus, Unionicola, and Chaoboridae in August

{Table 14).
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92, Many widespread (present in at least five locations) taxa were
found to be absent or least abundant at Lambert Slough. These taxa were:

Nematomorpha, Manayunkia, Tricorythodes, Stenmonema, Cheumatopsyche,

Lebertia, Rheotanytarsus, and Orthocladius-Cricotopus during both sampling

periods; Branchiobdellida, Anisogammarus, Serratella, Ephemerella,

Heptagenia, Pseudocloeon, Hydropsyche, Tricoptera pupae, Cricotopus,

Paratanytarsus, and Thienemanniella in Jume; and Ceraclea, Palpomyia,

Polypedilum, and Juga ir August (Table 14),

93. The diversity of invertebrates increased from June to August at
Lambert Slough, being the lowest (H' = 0.72) of any location in June and the
second highest (H' = 1.,09) in August (Table 15). The taxa from Lambert
Slough were the least similar to those from every other location, and scored
the lowest average similarity index in both June and August. The locations
with taxa most similar to those of Lambert Slough were Stoutenberg revetment
in June and Candiani secondary channel in August. The taxa of the two
natural bank locatlons were least similar to those of Lambert Slough during
both sampling periods (Table 16).

94. More taxa (20) were found exclusively at Lambert Slough than for

any other location. These taxa were: Turbellaria, Erpobdella, Asellus,

Arrenurus, Piona, Isotomidae, Hexagenia, Caenis, Coenagriidae, Ischnura,

Homoptera, Sialis, Sisyra, Oecetis, Dubiraphia (adults), Bezzia-Probezzia,

Ciadopelma, Glyptotendipes, Psectrotanypus, and Gyraulus.

Velocity and Sampling Period Effects

95. The abundances of 15 taxa of benthic invertebrates were
significantly affected by water velocity according to the results of the
analysis of covariance (Table 14). The taxa associated with fast water

included Rhithrogena, Glossosoma, and Simulium for both sampling periods;

Palpomyia, Parargyractis, and Corbicula during June; and Hydropsyche during

August. The taxa associated with moderate or slow water currents such as the
revetments and the pools in the secondary chamnels include Atractides,

Stempellinella, Nematomorpha, and Endochironomus in June and Paracladopelma,

Cryptochironomus, and Sphaeriidae in August. The taxa associated with slow

or still water currents such as Lambert Slough or the pools in the secondary

channels include Chironomus in June and Ablabesmyia in August,
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96, The abundances of 15 taxa of benthic invertebrates differed
significantly between the June and August samples according to the results of
the analysis of variance (Table 1l4). The taxa that increased in abundance

included Ceraclea, Antocha, Polypedilum, and Fluminicola. The taxa that

decreased in abundance were Oligochaeta, Anisogammarus, Pacifastacus,

Serratella, Ephemerella, Bezzia-Probezzia, Paratanytarsus, Dicrotendipes,

Nanocladius, Tanytarsus, and Potthastla.
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PART IV: DISCUSSION

Habitat Characteristies

Revetments

97. Revetments resulted in several physical changes in the riverine
habitat, particularly in terms of the substrate and water velocity,
Revetments were composed of large rocks with numerous interstitial spaces,
as compared to gravel or sand and silt constituents at nonrevetted sites.
Velocities were moderate (26-72 cm/sec) and fairly uniform throughout each
revetted location. Another notable characteristic of the revetments was
the uniformly steep shoreline gradient that limited the area of shallow

water habitat,

Natural Banks

98. Natural banks were most heterogeneous than the revetments. Bottom
types included gravel at Five Island natural bank, and sand and silt at
Candiaﬁi natural bank. Water velocities were more variable and were faster
than at the revetments (46~123 cm/sec). Five Island natural bank had i
gentle shoreline gradient which resulted in extensive shallow water habitat.
However, the eroding bank at Candiani was irregular, steep, and limited in

the amount of shallow water habitat.

Secondary Channels

99. Secondary channels were the most heterogenous in terms of water
velocity and substrate. Water vélocity ranged gréatly from slow pool areas
(e.g., 0 cm/sec) to the fast shallow areas (e.g., 123 cm/sec). Bottom types
were primarily gravel, except in the pools which contained silt and sand as
well. Both secondary channels were narrower than the main river. Other
characteristics of the secondary channels that were not found in the habitats
of the main river were the thick, overhanging shoreline vegetation and the

abundance of woody debris such as submerged logs and fallen trees.
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Physical and Water Quality Characteristics

Revetments, Natural Banks, and Secondary Channels

100. Water quality parameters were homogeneous throughout riverine
habitats (revetments, natural banks, and secondary channels) examined in this
study. The various types of riverine habitat did not differ in measures of
water temperature, dissolved oxygen, turbidity, pH, oxidation=-reduction
potential, or conductivity, This may have been due to relatively high flow
rates in the Willamette that did not allow sufficient time for changes to

develop over short distances.

Abandoned Channel

101, Lambert Slough had different physical and water quality
characteristics as compared to the riverine locations because of a lack of
flow through the slough during the time of the study. The main physical
differences were a lack of water current and the degree of silt and
sand in the substrate (Appendix C). Like the secondary channels,
the shoreline of Lambert Slough was lined with overhanging terrestrial
vegetation, and submerged logs and snags were scattered throughout. Water
temperature in Lambert Slough may be a limiting factor to cool-water fishes
since it was 1-2° C higher than the main river in August, Dissolved oxygen
was low (<5 ppm) in some sections of the slough, primarily in the deeper
areas, as recorded in June, and this may affect the distribution of

organisms.

Distributional Patterns of Aquatic Organisms

Revetments

102. Assemblages at the revetments were characterized by high densities
of smaller fishes, but species richness and diversity were lower than at the
natural banks, Abundance of smaller fishes at the revetments may have been a
result of the moderate water current and/or the presence of the interstitial
spaces (Hunt 1968; Menzel and Fierstine 1976; Winger et al, 1976). Small
fish generally prefer less water current than do larger fish of the same
species, and small fish may be more successful at foraging for food and

avoiding predation within the interstitial spaces,
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103. Most fishes at the revetments, including young northern squawfish,
redside shiner, and prickly sculpin, are generally bottom oriented and feed
primarily on invertebrates., Largescale sucker and chiselmouth are also
bottom oriented but their diet includes algae and diatoms along with
invertebrates. The riprap affords substrate for diatom growth. Piscivorous
fishes were occasionally found at the revetments, among them yellow bullhead,
northern squawfish adults, and smallmouth bass, although each of these
specles will also utilize invertebrates as part of their diet.

104. The diversity of benthic invertebrates at revetments was
comparable to that of nonrevetted locations in spite of greater numbers of
benthic invertebrate taxa supported by the revetments. Comparison of the
diversity values may be misleading since the values are all close to each
other and the values for invertebrates are based on taxa and not species,

105. Several physical factors of revetted banks may contribute to the
higher densities of invertebrates, First, large rocks provide a variety of
microhabitats for the organisms by creating numerous interstitial spaces
and large surface areas. The crayfish, Pacifastacus, and the aquatic

caterpillar, Parargyractis, are examples of organisms that benefit from these

two characteristics. Another factor benefiting benthic invertebrates is the
stability of the revetments (Solomorn et al. 1975; Johnson et al. 1974; Menzel
and Fierstine 1976). Nonrevetted locations are subject to bank erosion,
which could displace organisms or make the microhabitats unsuitable for
survival or reproduction. Benthic invertebrates at revetments may
also benefit from the moderate water currents and the protection afforded by
large rocks and their interstitial spaces. These two characteristics may
reduce the susceptibility of the benthic invertebrates to become displaced
and drift with the current.

106. The functional groups represented by invertebrate taxa at the
revetments included grazers, scrapers, filter feeders, and scavengers. The
grazers and scrapers included numerous genera of Ephemeroptera, Tricoptera,

and Chironomidae, as well as the lepidopterid Parargyractis, These

herbivorous genera probably forage on the large surface areas of the rocks.

The filter feeders include Manayunkia, Hydropsyche, and Cheumatopsyche, all

of which attach to the substrate and capture food with either tentacles or

nets. The scavengers include the crayfish Pacifastacus and the amphipod

61



Anisogammarus. Both of these genera probably benefit from the interstitial
spaces at the revetments, as they prefer to stay hidden during the day. The
Branchiobdellida, which are commensal with crayfish, were also more abundant

at the revetments than at the other locations.

Natural Banks

107. The heterogeneity of the natural bank habltats promotes greater
diversity and species richness of aquatic organisms, but 1t supports lower
densities of organisms than the more homogeneous revetted habitats. The
natural bank locations had greater numbers of fish species than did other
locations, and the diversity of benthic invertebrates at Five Island natural
bank was high in August. The range of water velocities and substrates at the
natural banks was greater than at the revetments and may have contributed to
the greater number of fish species found there. Water velocitiles were
comparable between the two natural bank locations, but the eroding bamk at
Candiani may have affected the composition of the fish community by changing
the substrate and reducing the shallow water habitat. Candiani natural bank
supported fewer, but larger, fish than did Five Island natural bank. Most of
the fishes captured at Candiani were largescale suckers and northern
squawfish, both large fish common throughout the study area. Other species
collected there were either uncommon or represented by single fish,
suggesting that Candiani natural bank was not preferred habitat for those
species, The smooth sand and silt bottom and the lack of shallow water
habitat may not be suitable for juvenile fishes and many smaller lotic fishes
that normally seek the slower water velocities along irregular rock bottoms
or the shallow margins along shore,

108. The fish community at Five Island natural bank was unusual in two
respects, First, the fish were very small, probably because the water was
very shallow. Second, several species commonly associated with tributaries
of the Willamette were more abundant here than in the other locations. These
fish, including torrent sculpin, mountain whitefish, mountain sucker, and
cutthroat trout, probably benefit from the swift, shallow water and gravel

bottom which resembles that of the tributary streams.
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109. The domirant fish at Candiani natural bank were the primarily
herbivorous largescale sucker and the omnivorous northern squawfish. Neither
relies entirely on benthic invertebrates for its diet, which may account for
the high densities of these species at Candiani as well as the low densities
of other species. Insects dominate the diets of the two most abundant
species at Flve lIsland natural bank-—-leopard dace and juvenile northern
squawfish. The other abundant species at Five Island~-~chiselmouth, mountain
sucker, and largescale sucker--are herbivorous grazers.

110. The community of fish at Five Island natural bank included several
unique, predominant species that were rarely found in other sites. Also, the
similarity Iindices for fishes were relatively low, suggesting that the fish
assemblage at Five Island natural bank was not similar to the assemblages at
the other locations. Only Lambert Slough had a more unique fish assemblage.

111. 1In contrast, Five Island natural bank supported only two unique

taxa of benthic invertebrates and, except for Eukiefferiella, the major taxza

are common at other locations. Bank erosion causes degradation of habitat,
displacement of organisms, and change in sediment type., It is probably
responsible for the lower number of taxa and the lower abundance of organisms
at Candiani as compared to the Five Island natural bank, Because the
substrate is composed of fine silt and sand, the flow of oxygenated water
through the substrate is reduced. This affects both the abundance of
organisms and the maximum depth in the substrate at which they can occur.
Also, organisms have difficulty attaching to the silt and sand substrate in
fast water. Organisms that appeared to be adversely affected by erosion
include tricopterans, gastropods, and pelecypods.

112. The most abundant taxa at Candianf natural bank were herbivorous
chironomids, the particle-feeding oligochaetes, and the parasitic
Nematomorpha., The abundant taxa at Five Island natural bank were herbivorous
chironomids and particle-feeding oligochaetes., Other herbivores at Five

Island included the net-building Cheumatopsyche, grazers such as Fluminicola,

and the scraper Glossosoma,

Secondary Channels

113. Fish and invertebrate populations in the secondary channels were

surprisingly low in terms of abundance, diversity, and the number of taxa.
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Relatively high values for these parameters were expected because of the wide
variety of water velocities and substrates found in the secondary channels.

114, Catches of fishes in the secondary channels were low in number of
individuals and number of species compared to the other locations. The
species compositions were not particularly distinctive, as only one unique
specles was collected and catches at both locations were dominated by the
most common species in the river--northern squawfish and largescale sucker.
One factor that may have reduced the catches in the two secondary channels
was the inability to maneuver among the partially submerged logs and
overhanging shoreline vegetation, which precluded electroshocking in the
slower, shallower water close to shore where smaller fish are generally more
abundant, Several small species were more abundant in catches from the
revetted and natural bank habitats than from the secondary channels, These
include redside shiner, mountain sucker, speckled dace, leopard dace, prickly
sculpin, and torrent sculpin. Numerous partially submerged logs and
overhanging vegetation provide excellent habitats for smaller species and
juveniles, not to mention ambush type predators such as railnbow trout,
cutthroat trout, and largemouth bass. Unfortunately, the electroshocker
could not be maneuvered to adequately sample these mierohabitats. In spite
of low numbers of fish caught, the number of species and species diversity
were relatively high in Candiani secondary channel, which had fewer submerged
logs and obstructions, making it possible to work the electroshocker closer
to shore,

115. The species that were present in the secondary channels
corresponded to a wide range of water velocities. Besides the northern
squawfish and largescale sucker, the native species found in the secondary
channels included peamouth, redside shiner, prickly sculpin, chiselmouth,
rainbow treout, chinook salmon, and mountain whitefish, Introduced species
included yellow bullhead, brown bullhead, and bluegiil. These species may
have been assoclated with slower waters along the shorelines or in the pools.
Like the fish population at Candiani natural bank, the species composition in
the secondary channels was dominated by the herbivorous largescale sucker
and the omnivorous northern squawfish. Most of the other species rely on
benthic invertebrates as a food source, except for chiselmouth which are

herbivorous.
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116. Benthic invertebrate densities in the secondary channels were
relatively low compared to other habitat types. Diversities of taxa were
relatively high in June compared to other locations, but declined in August
when Fluminicola, Sphaeriidae, and Juga dominated the taxa compositions.
These three taxa and Corbicula were more abundant in the secondary channels
than in the other locations for both sampling periods. The cause of this
distribution pattern may be related to the physical characteristics of the
secondary channels such as fast, shallow water, gravel substrate, and
increased proportions of shade. Pennak (1978) stated that Gastropoda and
Pelecypoda are generally found in shallow aquatic habitats, but he believed
the reason for this was related to food availability, which is generally
higher at the shallower depths, Although the average depth of the secondary
channels was generally less than that of the main river, the depths at the
sampling stations were comparable because of their proximity to the shore
{Table 3).

117. The benthic invertebrates in the secondary channels were
primarily herbivorous, as they were at Five Island natural bank, which has
a similar substrate and swift, shallow water. These herbivores include
chironomids, grazers such as Flumincola and Juga, scrapers such as Protoptila

and Glossosoma, net builders such as Hydropsyche and Cheumatopsyche, and the

filter—-feeding Sphaeriidae and Corbicula,

Abandoned Channel

118, The fish and invertebrate populations in Lambert Slough were the
most unique among all locations. The biological difference is most likely
the result of Lambert Slough's unique physical characteristics compared to
the lotic habitats. The fish population was characterized by fish of large
size, as indicated by the high total weipght. In spite of low numbers and a
low species diversity, several fish species were either unique to Lambert
Slough or were most abundant there. This is reflected in the low similaricy
indices. The differences noted between the fish species composition of
Lambert Slough and the lotiec locations were consistent with the findings at
reservoirs of the Columbia River (Hjort et al, 198l). Two of the predominant
species in Lambert Slough, largescale sucker and northern squawfish,

apparently have very broad water velocity preferences since they were found
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in all of the locations of this study. Almost all of the other fishes in
Lambert Slough, lncluding largemouth bass, white crappie, black crappie,
carp, bluegill, and warmouth, are introduced species. As a whole, these
species prefer lentic habitat much like that found in Lambert Slough. The
presence of overhanging shoreline vegetation and the logs and fallen trees in
the water should provide good cover for bluegill and warmouth as well as for
ambush predators such as the crappie species and largemouth bass, Silt
bottoms are preferred by warmouth, black crappie, and carp, to name a few
(Wydoski and Whitney 1979; Moyle 1976).

119, The fish community in Lambert Slough appears to be trophically
more complex than those of the lotic habitats. In addition to the
herbivorous largescale sucker and the omnivorous northern squawfish and carp,
there are piscivorous largemouth bass, white crapple, black crappie, and
channel catfish, and insectivorous bluegill and warmouth.

120, Lambert Slough supported the highest densities of benthic
invertebrates of all the nonrevetted locations. The invertebrate population
at Lambert Slough was very different from that of the other habitats in this
study. Numerous taxa were most abundant in Lambert Slough or were found
there exclusively. Lambert Slough was the location of least abundance for
many taxa coﬁmon to the other locations. In addition, the invertebrate
composition in Lambert Slough was the least similar to the other locations
{(Table 16).

121. Differences in specles composition between Lambert Slough and the
lotic locations can be attributed to differences in water velocity, water
qualicy (Tables 1 and 2), substrate composition, and organic coatent of the
substrate (Appendix C). Many of the taxa that were most abundant in or
exclusive to Lambert Siough are commonly associated with low water

velocities. Among them are Caenls, Hexagenia, Ischnura, and Chironomus

(Pennak 1978), Turbellaria and Isotomidae are associated with organic
debris {Pennak 1978). Most of the widespread taxa that were absent from
Lambert Slough were genera from Tricoptera or Ephemeroptera, which are
usually associated with flowing water.

122, As with fish, the benthic invertebrate populations in Lambert
Slough appear to be more complex trophically than those of the lotic
locations. Most of the common invertebrates in the lotic locations were

herbivores, with some scavengers at the revetments. The benthic
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invertebrates at Lambert Slough included these two groups as well as numerous

predators. Herbivores included Dubiraphiaz, Qecetis, Caenis, Gyraulus, and

the filter-feeding Hexagenia. Scavengers included Turbellaria, Helobdella,
and Asellus., Predatory taxa in Lambert Slough were Odonata, Sialis,
Procladius, Hydracarina, and Chaoboridae. The Helobdella and Hydracarina may
also be parasitic. Another common taxon in Lambert Slough was the

particle-feeding oligochaetes.

Physical Impacts at Revetments

123. The total impact of revetments on the aquatic habitat is difficult
to assess because this study lacked a true contrel: a stream with few or no
revetments. It is difficult to determine whether or not cumulative impacts
of many revetted banks affected the fauna at so-called “natural banks.” The
short-term effects, as determined from this study, may be beneficial for some
aquatic fauna; however, the long-term effects may be detrimental {Stern and
Stern 1980). The main short-term effects include increased densities of fish
and benthic invertebrates and increased stability of aquatic habitat.

Habitat stability is one of the factors contributing to the greater
abundances of aquatic organisms at revetments (Solomon et al. 1975; Johnson
et al. 1974; Menzel and Fierstine 1976). The presence of interstitial spaces
and reduced water velocities may also be contributing factors, The
instability of Candiani natural bank is a common occurrence in a river which
meanders naturally. The lower fish and benthic invertebrate abundances and
diversities at Candiani natural bank are probably the result of this
instability and reflect a short-term loss as new habitat develops.,
Eventually, the erosion at Candiani natural bank should cease when the
channel configuration is such that the river expends its energy evenly.

When this occurs, the bank should stabilize and the abundance and diversity
of aquatic organisms should increase. Revetments, on the other hand, should
not be subject to the short-term fluctuations in abundances and diversity
caused by habitat instability., Of course, there may be fluctuations in
invertebrate densities at revetments due to other factors such as changes in
flow, The density of benthic invertebrates was much lower at Weston

revetment in August than it was in June.
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124, The long-term effects of revetments include a reduction in the
area and diversity of the aquatic habitat by restriction of the river channel
(Johnson et al. 1974; Funk and Robinson 1974). Revetments are installed to
reduce bank erosion and restrict movement of the river channel. This
restriction is demonstrated in Figure 12, which shows the upper Willamette
River as traced from two U. S. Geological Survey maps dated 1910 and 1967.
This section of the Willamette River, from the McKenzie River to Harrisburg,
had a highly braided channel in 1910. Construction of revetments in this
section of the river began in 1938, and all of those completed by 1967 are
shown in Figure 12,

125, Revetments appear to have bheen responsible for constraining and
guiding the river into what is primarily a single channel. This has resulted
in the loss of secondary channels and will reduce the long-term formation of
abandoned channels. Secondary and abandoned channels add habitat area and
diversity to a section of river. During the study period, for example, no
water current flowed through Lambert Slough. As a result, Lambert Slough had
the most unique fish and benthic invertebrate populations of all the
locations.

126. The secondary channels also added habitat diversity because they
had physical characteristics different from the main river. They were
narrower and had a wider range of water velocities (Table 3). The secondary
channels also had a higher proportion of shade because of the narrower stream
width and overhanging vegetation. The natural bank locations and the
secondary channels both had a wider range of water velocities, depths, and
substrate types than the revetments, which were relatively homogeneous
within and between locations.

127. Another long—-term impact of revetments is the reduction of shallow
water habitat. The steep shoreline gradient of the revetments reduces the
width of the shallow water habitat that may be important to larval and
juvenile fishes. Short-term loss of shallow water habitat occurs at eroding
banks such as Candiani natural bank; however, the shallow water habitat
should be reestablished when the ercsion stops, allowing the bank to
stabilize. Results from Hjort et al. {(198l) indicate that the nearshore
areas are important nursery habitats for larval fishes, and LaBolle (1983}

has shown that the densities of larval fishes decrease with distance from
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Figure 12. Outlines of the Willamette River between

the mouth of the McKenzie River and Harrisburg, Oregon,

as traced from U. $. Geological Survey maps surveyed

in 1910 and 1967. The heavy lines on the 1967 map are

revetments that were present before 1967. Direction
of flow is to the north
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shore within the nearshore area. The loss of the shallow water areas of
revetments may be mitigated by moderate water velocities and the presence

of interstitial spaces. The shallow water areas are also important spawning
areas for some fish species, The large substrate and moderate water
velocities at the revetments may not be suitable for fish species that

require fast water and gravel substrate for spawning.

Individual Fish Species Distributions

128. Three basic fish species distribution patterns were observed:
native species with general habitat preferences, native species with specific
habitat preferences, and the introduced species. The first group includes
the largescale sucker, northern squawfish, peamouth, and chiselmouth. These
are large mobile fish that apparently have broad habitat preferences.
Largescale suckers, for instance, dominated the catch totals at Candiani
natural bank, Candiani secondary channel, and Lambert Slough. These habictats
included both fine silt and gravel substrates, and water velocities ranging
from 0 to 123 cm/sec. The habitat preferences of the other three species,
although not as broad as the largescale sucker, were still widespread.
Peamouth were collected in all habitat types but were not abundant enough to
draw conclusions about habitat preferences, Northern squawfish and
chiselmouth were both more abundant in the lotic habitats than in Lambert
Slough.

129. The second group of native species had very specific distribution
patterns. Several of these species are generally found in faster, cooler
waters more common to the tributaries of the Willamette River. Among these
species were cutthroat trout, rainbow trout, torrent sculpin, mountain
whitefish, mountain sucker, and chinook salmon juveniles. Most of these fish
were collected at Five Island natural bank, which had fast currents and
shallow depths. Of the other native species with distinctive patterns of
distribution, redside shiner and speckled dace were common to revetments, and
leopard dace were most abundant at Five Island natural bank,

130, The introduced species were most abundant at Lambert Slough. They
included largemouth bass, bluegill, warmouth, black crappie, and white
crapplie, which are commonly associated with lakes and ponds, habitats that are
similar to Lambert Slough. The only introduced species that were more common
in the lotic habitats were yellow bullhead and one smallmouth bass, which

were collected at the revetments.,
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Patterns of Invertebrate Taxa Distribution

131l. The composition of the invertebrate taxa varied greatly among
locations. Obvious factors affecting distribution include differences in
water velocity, substrate, depth, and organic detritus. The response of
various taxa to patterns of water velocity, substrate, and organic detritus
was discussed earlier. Undoubtedly, depth also plays a role, but it was not
a major consideration of this study. The depth at each station was chosen to
be comparable, except at Lambert Slough that had a more U-shaped cross
section., However, it is difficult to determine what role depth played in the
distribution of invertebrate organisms when comparing Lambert Slough to the
other locations because differences in velocity and substrate confound the
pattern.

132. Another factor which affects the distribution or organisms is high
winter flows. The presence of overhanging vegetation in the secondary
channels and Lambert Slough suggests that little winter scouring ocecurs
there, Predominant taxa at matural banks were chironomids. These taxza were
able to rapidly colonize an area or were able to exploit habitats deep in the
substrate, thus protected from scouring and high water velocities.
Predominant taxa at revetments were organisms that were attached to the

substrate, such as Manayunkia speciosa, or were protected within the

interstitial spaces, as was Anisogammarus., Predominant taxa in the secondary

channels included Juga and Sphaeriidae, both of which could be dispersed by
high water velocities and scouring, Lambert Slough was so different from the
main river that its taxonomic assemblage was unique. Several of the
predominant taxa were larger organisms, suggesting that they have longer life

cycles and could not reestablish quickly if flushed out by high winter flows.

Comparisons with Past Studies

133. Twenty-eight fish species were captured during this study,
including several not previously reported by Dimick and Merryfield (1945)
or Noble (1952). These species were raimbow trout, mountain whitefish,
smallmouth bass, channel catfish, warmouth, prickly sculpin, reticulate
sculpin, and banded killifish, Dimick and Merryfield (1945) and Noble (1952)
captured or reported 14 species each for a total of 21 species in their

study areas, both located 6 miles upstream from the area of this study.
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The only specles they reported that was not collected in this study was the

longnose dace (Rhinichthys cataractae).

134, There were several explanations for the greater species numbers
captured in this study. First 1s the differences in gear types. Earlier
workers relied primarily on seines and hook—-and-line, compared to
electroshocker and hoopnets used in this study. Data from one of our studies
on Columbia River reservoirs suggest electroshockers will capture more
species than seines (Hjort et al. 198l). Second, this study included several
different habitat types (revetments, secondary channels, natural banks, and
an abandoned channel) while the others were limited to areas where seines
were most effective, Third, the Willamette River has undergone a dramatic
change since the time of the previous studies (Gleeson 1972). At the time of
the Dimick and Merryfield (1945) and Noble {1952) studies, the Willamette River
had higher levels of pollutants and lower late-summer flow levels. Several
of the species not captured before are sensitive to pollutants and may have
been absent or less abundant during their studies. These species include
prickly sculpin, reticulate sculpin, rainbow trout, mountain whitefish, and
smallmouth bass. Another species captured in this study, the banded
killifish, was added to Oregon's fish species list because it confirmed an
earlier capture of this species*; thus, this species most likely was not

formerly present.

* Personal communication, 1982, Carl Bond, Professor, Department of Fisheries
and Wildlife, Oregon State University.
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PART V: SUMMARY

135. Revetments affect many aspects of fish habitat in the Willamette
River including habitat diversity, abundance of benthic invertebrate prey,
benthic community structure, water velocities, substrate size, total
available habitat, and habitat stability. These factors determine, in part,
the abundance, size, spécies diversity, and richness of fishes.

136. Impacts of the revetments are mixed. Higher densities of aquatic
organisms were found at revetted sites, but species richness and diversity
were not necessarily higher, Although not addressed in this study, casual
observations indicate that revetments may provide good rearing habitat and
protective cover because of the interstitial spaces and slower currents in
these spaces. These characteristics may be especially important during high
winter flows. A third benefit is an increase in habitat predictability/
stability.

137. In theory, the fish and benthic invertebrate populations at
revetments should be relatively stable from year to year compared to
nonrevetted locations that might be subject to habitat degradation and
change. An example of this problem was the low densities of fish and benthic
invertebrates at Candiani natural bank where there was a severe erosion
problem.

138. 1In spite of these benefits, the long-term impact of revetments on
fish and invertebrate populations may be detrimental because reverments
restrict channel movement and constrict the channel. Revetments eliminate
the natural processes that result in multiple channels and abandoned
channels. Thus, there is a potential for loss of total habitat area.
However, estimates of the total losses of habitat compared to the increase in
density of fishes and benthic invertebrates at the revetment sites are beyond

the scope of this study.
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APPENDIX B: BENTHIC INVERTEBRATE DENSITIES FROM SAMPLES COLLECTED
FROM RIVER MILES 58-66 OF THE WILLAMETTE RIVER,
OREGON, JUNE AND AUGUST 1982
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APPENDIX C: SEDIMENT SAMPLE ANALYSES
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